BRIEF COMMUNICATION

ACCUMULATION OF PERIPHYTON ON ARTIFICIAL SUBSTRATA NEAR SEWAGE
SLUDGE OUTFALLS AT GLENELG AND PORT ADELAIDE, SOUTH AUSTRALIA.

Two sewage sludge outfalls are sited in scagrass meadows
offshore from the metropolitan area of Adelaide (Fig. 1).
There has been extensive loss of the seagrasses Posidonia
(B sinuosa and P. angustifoliaj and Amphibolis, (A.
antarctice and A. griffithii) around the Port Adelaide
sludge outfall' and plants in partially-affected areas have
an increased abundance of epiphytes on their leaves?,

biomass reflected the pattern of scagrass loss*. Lesser
effects have apparently occurred on seagrasses near the
Glenelg sludge outfall®.

The aim of this study was to compare increases in
epiphyte biomass at sites adjacent to the two outfalls,
Underwater observations indicated that in late summer
extensive mats of algae developed throughout the denuded
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Fig. 1. Study area and sites for deployment of artificial substrata.

Increased growth of epiphytes in response to increased
nutrient levels in the water is an apparent cause of the
decline of seagrass beds® and swudies with artificial
substrata indicated thal the rate of increase of epiphyte

area at Port Adelaide. There were signs of increased algal
growth near Glenelg but no such mats developed,
suggesting that seagrass epiphyte growth may have been
reduced in that area.
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Theau_umulsnon of epiphyte bionuss {referred 1o as
ncriphywn Y on adfilicial subsirala was assessed al Ihree
sites {Fig: 1). Site | was 500m N of the Pont Adelaide
iludgc ouifall, coincideny with a shte nsed in a previous
study?. Sife 3 was i) & similur pusition refative to Ihe
Glenelg studge autfall and site 2 was st control site situatéd
in apparcntly healthy seagrass meadows, The depth of
wader al each site was approximalely 13m.

150 substrata were deployed at each site in the early part
of Novewiber 1986 und sub-sainpled gt monthly intervals
for five months. The dimensions of the substrata, their
mode of deplayment, collection and processing, have heen
described previously®,

The design of ihis study was simple snd it was essentially
ynreplicated, 11 did pot measure within-sile variability nor
wus 4n ostintate made ol vaciability between different
control gites, Unterwater ohservations. «id, however,
idiate that each site was homo;cmo«w ovu o large aled
and site 1. has been surveyed in detait!. Periphyton
hipmass accumulation hns heen studied at 9 number of
differein coprrol sitgs® and thesé factars- stiongly
sugpested that the ahove sources of variation weré small
comparcd 10 the variation between experimental and
vonirol sifes,
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Chaages in the Jry weeht of Sibstrata, 8s a resull of
the aceurnulation vl periphytut, drc shown in Fig 2 At
all times the mean value i dry weightan substrata at the
contiol site was below thar recarded st the experimental
sites. Thene were wlso differenees belween 1hicae wo sites,
beriphyton hinmass sccumulalion was initially preater al
site 3, adjacent 10 the Glenelg outfall than at site |,
adijacent 10 the Port Addaide outlall. Aher this mnml
resuft however, periphyton biomass aceumulalivn was
eicaler and reached higher values at site 1.

Dctailed studics at the Pory Adelaide onttall bave
indicated that the most important lactor dareipining ihic
disiribution of sudge ix tidal flow. It is oriented in 3 north-
south direcnion and as o result slodge is mostly confined
16 & narsw strip rocth and soulh of the outlatl, The

Gilenelg outtall has nat beea sisdit In Jhe same delail
buticis known that the 1idal Mow is similir 1o that a1 Port
Adelaide Foth in strengilr and direction®.

The two expérimental sites nged. in thic study were
direcaly norh of each awifall and therctore inlluenced by
shudge., A rivl source ol soluble nitrogen and pliwsphorus,
rhe camposinon ahd voacentration uf these nuteients in
sludge discharged Trom both Sewage Treatment Works
ISTW) are similar. Iischarge tares are siniilar but du
average of 480kL of sludee is daily dischasged from
Glenely STW und 280kL fromr Port Adelaide STW. It is
likely that theinitial differcnces beiween the subsiraiy At
the cotresponding sites wus 8- reflection of o greater
aviilubility of natricnls at Glenelg,

Lhe differences between the hiomass estindtes on the
substrala at the «xperimental sites daeing February and
March were associated with distinet changes at the twa
sites. At Fort Adelalde laige algae dewloped and, atlaclied
Lo resiclual seapriass fibre with its dssociated mussel beds.
formed extensive mats up ¢ Stem in deph, They were
sinilarly prominent on the aitihigial subsiratg, Though
it Temained visibly grearer than at the contral site, siuch
growih nf algae did not occur aronnd the Glenelg outlat!
dnd no luige algae developed o Lhe substrata deployed
Lthere,

During the last month of exposuee, periphyton biomass
ar Porr Adelande decreased sharply, The early pari of
suturng is ofler dssodiated with the first significant storms
of the 5:11' and large algae are physically retoved from
the anca’. Ouher observations suggested thal a similar
mechaniun may have affecred the accumulation of
periphyion biomass at Glencly. When the substrata were
sampled divers noted that at Port Adelaide the warer
column was calm eveept tor thdal movenjent, Al Glenely
adistingt swell was consistently present and this resulted
in yigarous malion of the subsiraia over and ahove thei
response 1o |he nide,

While sro dats are gvailable 1o compire the incident wave
cnerpy 3l the twa sizes, the gradient of the seatloor the
presence of offshore shoals ar Maint Malcolnt and 1he
presenee of erosion cusps within scapniss beds south of
Poine ‘\1:alwlm indicare thar wave energy ditfers between
tie two sites®, 1L is pussible- that Lhe itisily higher
petiphyton biomnass at the Glenelg site was a reflection
of u fasier growth rate of nlgae. As they became larger,
however, they were jemoved by wave action snd Lhis
resulted in smaller increcses inn periphyton biomiss relative
10 the Port Adelaide site.

In Wester'n Australia (he speeics o) péyiphyton found
an anilicial subshste were signilar wo the epmhyles fouml
i the Teaves of Pasidonia auseralisV', Tris likely that 1he
swmies appbies i the present studv, The respome of
periphyton w iutredsed levels of nutrients, from sludse,
may therefore indicare the response of seagiass ¢plphytes.
under the same canditians.

The resulls presented above surgest that sedgriiies in
the vicinity of the Cilencle, onifall do not sceumulate
quantites of epiphytes ad large as those which securnulued
o Seagrasses stound the Port Adelaide owtfall. Individial

species of epiphyles may grow: fasrer at the tormer siic

bt due to greater incident wave eneipy they e remuoved
Froat Ui seugeass hefuee they blanker and butden the leaves
uy they do wr Port Adelmide.



Thus one of the major factors known to cause the
decline of seagrass beds seems io be reduced at the Glenelg
sludge outfall. This may help 1o account for the apparently
large differences between the extent of seagrass decline
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around this outfall® and the extent of decline around the
Port Adelaide studge outfall',
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assistance.
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BRIEF COMMUNICATION

USE OF GROWTH RINGS TO DETERMINE AGE IN THE FRESHWATER TORTOISE,
CHELODINA LONGICOLLIS; A CAUTIONARY NOTE

Caunts of faminar growih rings visible on the shells of
freshwatés North American tostudines have been used o
detetntine the ages of individual animals. Periods of
brumation coincide with the formation of deep gromes
in the epldermis of the shell), which are initially hidden
it1 the interlaminal searns. They become visible gHer spring
growth commences forming a ridge delineuting the cuter
edae of the groove® and the spreading of the interlaminal
seams brings the grooves to the surface. For rorth
temperate spzcies®, a “year"an be added to the kiown
age of indwiduals when the groove becomes visible®s The
¢rooves are genetally known as growth rings™7,

Coaingident with the recommencentent of growth ix the
farmation ot 3 new, decper layer of vpidermis®. The
margin of the plate of scute epidermis taid down Jiy the
previous season’s growth is delineated by the grawth ring
formed at the conuhiencement of the next season of
srawth®, ‘Old lavers of epidermis may be refained in
tesrestrial testudines®, hut in aquatie spovies they sre
usuaﬂg shed, cither as single ® or, evennally, muftiple
layers”. Repeated seute ecdysis couses growth rings to
weaken then disappear’.

Temporary cessation of growih during the growing
season may result in the formation in many species of
shallow grooves, termed minot zrowth rings®?, Hawever,
minor growth 1ings dare not associated with the formation
of a ttew layer of epidermis®®,

Measurement of the paps between major growth rings,
topether with counts of their number, have been tsed to
determine growth tates in any partieular past year'0,

Determination of age based on couls of growth rings
requyes that the tiumber of growth tings produced by a
sample of the population aver a long period.of time be
known, and the only satisfactory means of determining
1he periodicity o! growth ring production is 1o conduct
caplitre-tecapilure cxercises’ over several yearv. Usually, if
is assumed 1hat only ane major growth ring is formed
annually'. and for noril temperatz species this

assumptian Is normally valid®. However, the assumplivon
that only one growth rlng is lormed znnually by 4
particular population vf 4 species is not-always verified,

The technique of aging has been applied to an
‘Ausiratian speeies (Pseudemiydura wintbrina)y by
Burlndge". The techrigue of determining growth Tares
has been applied to Chelodina longicollis by Parmenter??
and, with reservations, to € fongicallis and twa other
Australian species (Emydura macquarii and Cheloding
expansay oy Chessman™.

Although verificalion of the annual deposition bf
growth rings was undertaken by Rurbidge for ihe
populations of Pseudemydure umbring'®, there is no
clear indication that the periodicity ol deposition of
growth rings has been determined for populations of C
longicollis. Parmenter developed an argumént inferring
that annual deposition of growth rings occurred in C.
{ongicotlis, because the species ceases to grow during
annual brumation; but there Is 11q ¢vidence that he verified
the conclusion'?, Chesstan initially assumed that groweh
rings were deposited annually, but on compatison with
growth rates, ag deterniinied on recapture, he concluded
thai the deposition of growth tings may be affected by
growth rate, and thal major IJgrc.wlh Tings may have been
confused with minor rings".

Parmenter extrapalated from conclusions relevant 1o
Narth American spcies 10 C longicoliis; but Norh
Amni¢rican winters are longer and more severe than winters
in the range of €3 fongicollis. Daily mean temperatures
in the smid wes{ of the United States differ by aboug 23¢C
between mid Summer and mid Winter'® [Tabie 13, but the
difference iy only 14°C at Armidale, ncst where Parmenter
undertaok his field study, The activity perind for
Kinasternon flavescens i Oklahoma [$ 140 days?, but
Paimenter reports an activity period of 250-280 days for
C longicollis", Without marked annual temperarure
cyvles the growth of 1unrle scales & ofteén even and fiee
of interruptions'?. On the voaseat plain of the Gulf of

TABLE 1. Daily Mear Tempetatites al Meteorological Stations Near Testudine Studp Sifes

a . DAILY MEAN <C TEMPERATURE"C

STATION SPHCIES MID-SUMMER MIDWINTER
Tulsa, Ok, US.A. Kinosternon flayewcens™ 27.9 29
Lansing. Mi, US.A. Chrysemys piero 2211 -13
Omaha, Ne, LLSA, Chelydra serpenting® 253 5.4
St ouis, Mi, US. A, Pseudlemys svripte’ 26.4 a.1
Kansas City; Ks, US.A, Terrdpene ornata® 272 -0.7
Phoenix, Az, US.A. Xinosternon sonoriensé’d 32.9 10.4
New Orleans, La, U,S.A Seerecuthaerus c'uripmus’ 28.4 132
Colon, Panama Pseudemys seripia” 26.6 24,8
Armmidale, N.SW., Ausl. Cheloding longicolls® 2.4 4.6
Melbaurne, Vi, Aust. Cheladina longicollts' 19.9 9.6
Mildura, Vic., Aust. Chelodinu longicallis' 24.1 10.1
Adelaide, S.A., Aust, Cheloding longicollis™ 22.6 1.2

Saurce of climanic data — “World Sunvey of Climatology™, ed, H.E. Lardsbery, Elscvier, Amsicidam, (19715,
Referenies are 1o studics undertakene in vicinity of stations.



